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Abstract 
High-k perovskite oxide of barium strontium titanate (BST) represents a very attractive multi-functional transducer material for 
the development of (bio-)chemical sensors for liquids. In this work, BST films have been applied as a sensitive transducer 
material for a label-free detection of adsorbed charged macromolecules (positively charged polyelectrolytes) and concentration of 
hydrogen peroxide vapor as well as protection insulator layer for a contactless electrolyte-conductivity sensor. The experimental 
results of characterization of individual sensors are presented. Special emphasis is devoted towards the development of a 
capacitively-coupled contactless electrolyte-conductivity sensor.  
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1. Introduction 
The development of miniaturized systems for the (bio-)chemical analysis has gained more and more attention in 
the fields of analytical chemistry, biotechnology, medical technology and microsystems technology. Such 
microsystems integrate sensors for the detection and control of (bio-)chemical and physical quantities, such as pH 
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value, analyte concentration, electrolyte conductivity, temperature, pressure and flow rate [1]. Oftentimes, the 
applied sensors are based on different transducer principles and a variety of materials. As a consequence, the 
fabrication of these microsystems requires complex processing steps.  
The outstanding properties of perovskite oxides such as barium strontium titanate (BST) have recently aroused 
great interest with regard to their application as functional material for the development of chemical sensors and 
biosensors. Some of such virgin application frontiers for BST include, for instance, the detection of humidity [2], the 
detections of hydrogen [3] and ammonia gas [4] or the development of sensors sensitive to pH [5,6]. 
Recently, we have reported on a Si-based sensor chip covered with a high-k BST layer for the quasi-
simultaneous multi-parameter detection of pH, electrolyte conductivity and temperature [7]. In the present study, a 
novel Si-based sensor chip containing buried Pt interdigitated electrodes (IDE) covered with a thin BST layer has 
been developed for a multi-parameter chemical sensing. In order to show the multi-functional capabilities of high-k 
BST thin-films, the chip has been applied for a label-free detection of adsorbed charged macromolecules (positively 
charged polyelectrolyte of polyethylenimine (PEI) and the concentration of hydrogen peroxide (H2O2) vapor as well 
as for the contactless measurement of the electrolyte conductivity. The role of the BST layer is of multi-purpose: it 
serves as a sensitive transducer material for the impedimetric polyelectrolyte and H2O2 sensor, as an insulator layer 
for the capacitively-coupled contactless conductivity sensor (so called C4D sensor), and as passivation layer, which 
protects the metal electrodes of the sensors from corrosion, contamination and fouling.  
2. Materials and methods 
For sensor fabrication, initially a 440 nm SiO2 layer was grown by thermal wet oxidation on a silicon substrate 
(p-Si, ρ = 1000 Ωcm). In order to bury the metal electrodes into the SiO2 layer and thus, to achieve a planar sensor 
surface, a photolithographic step was performed to define a trench area. Shallow trenches with a depth of ~175 nm 
were obtained by etching the SiO2 with hydrofluoric acid. In the next step, the Ti/Pt layers were deposited by means 
of electron-beam evaporation followed by a lift-off process. A thin layer of ~10 nm Ti served as adhesive layer and 
~165 nm Pt as electrode material. The processed wafer was diced into separate chips and sized to (10 x 10) mm². 
The sensor chips were covered with BST of composition Ba0.25Sr0.75TiO3 by pulsed laser deposition (PLD) 
technique using targets fabricated by the self-propagating high-temperature synthesis (SHS) method. Detailed 
information of the PLD and SHS can be found in [8]. Finally, the chips were mounted to custom-made printed 
circuits boards. Electrical connection was provided using ultrasonic wedge-wedge bonding. In a last step, the contact 
pads and bond wires were encapsulated by silicone rubber for electrical isolation from the electrolyte solution. A 
photograph of the processed sensor chip is depicted in Fig. 1.  
 
 
Fig. 1. Photo of a fabricated multi-parameter sensor chip including the two-electrodes contactless conductivity sensor and an impedimetric H2O2 
or polyelectrolyte sensor, respectively. 
3. Results and discussions 
To study the multi-parameter sensor chip, the individual sensors have been characterized by means of 
electrochemical impedance spectroscopy using an impedance analyzer IM5d (Zahner Elektrik). 
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3.1. Contactless electrolyte-conductivity sensor 
For the measurement of electrolyte conductivity, the sensor was exposed to different electrolyte-conductivity 
standard solutions ranging from 84 μS/cm to 50 mS/cm. Impedance spectra were recorded covering a frequency 
range from 1 Hz to 1 MHz by applying a small alternating voltage of 20 mV amplitude. All measurements were 
performed at a constant temperature of 25 °C inside a Faraday cage. Fig. 2 shows typical impedance spectra for the 
impedimetric sensor with interdigitated Pt electrodes with a protective layer of 120 nm BST. 
 
 
Fig. 2. Impedance modulus spectra recorded in standard solutions of different electrolyte conductivities with the impedimetric IDE sensor 
covered with 120 nm BST. 
The spectra can be divided in three distinct regions: At low frequencies, the impedance of the C4D sensor is 
governed by the series combination of the double-layer and the protecting-layer capacitance. As the protecting-layer 
capacitance is smaller compared to the double-layer capacitance, this capacitance dominates this frequency region. 
At high frequencies ( > 1 MHz), the impedance is dominated by the parasitic capacitance. In this frequency region 
the sensor is insensitive to conductivity changes. In the intermediate frequency band, the impedance is mostly 
determined by the resistance of the solution and thus sensitive to changes in conductivity. However, due to the shift 
of the resistive plateau towards higher frequencies for higher electrolyte conductivities, an adaption of the measuring 
frequency is required in order to get optimal accuracy, linearity, sensitivity and dynamic range. Nevertheless, due to 
the benefits of the thin BST layer with high permittivity, a clear dependency on electrolyte conductivity can be 
recognized, which does not severely influence the sensor performance. Advantageously, cheaper electrode materials 
such as Al films can be used for the fabrication of C4D sensors. 
3.2. Impedimetric polyelectrolyte sensor 
Polyelectrolytes are macromolecule chains having a large number of charged groups when dissolved in water and 
represent a very useful model system to study molecular interactions at the solid/liquid interface [9,10]. In this work, 
the polycation PEI was used. PEI is a strong polyelectrolyte, which is positively charged at pH values below pH 10. 
The adsorption of PEI on the sensor surface was monitored in deionized water and in KCl solutions of different 
ionic strength. For the deposition of the PEI monolayer, the sensors were immersed for 5-20 min in PEI solution 
(1% (v/v) PEI in 1 mM NaCl, pH 7.0, branched, average molecular weight ~60,000 from Sigma Aldrich). After the 
adsorption of PEI, the real part of the impedance at 1 Hz decreased by 17%. 
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3.3. Detection of H2O2 vapor 
H2O2 solutions have been heated in order to vaporize the fluid. The sensor was then exposed to the H2O2 vapor 
and the capacitance and the resistance of the BST-based IDE structure was measured. As an example, Fig. 3 shows 
the measured resistance as a function of the H2O2 concentration. With increasing H2O2 concentration the measured 
resistance decreased by approximately 12 kΩ/% (v/v). 
 
 
Fig. 3. Resistance as a function of H2O2 vapor at 100 °C recorded with the impedimetric IDE sensor covered with 120 nm BST. 
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